
09 SEP 2004 
III 



(19) m^«]NR/f^4i«iii 

2003 ^9 ^ 18 B (18.09.2003) PCT WO 03/076478 Al 



(51) m^^y^^W: COSF 8/42, 12/08, C07C 29/143, 33/20, (72) *J J: 

67/333, 69/74, C07D 207/20, 207/38, 21 1/70, 21 1/78, (75) 51 ^ % / ffi Gi A 5|€ H I- O t^ T fl> /J^ ** 

307/28, 307/92, 225/02, BOl J 31/24 // C07F 15/00, 9/50 (KOBAYASHI,Shu) [JP/JP]; T 101-0064 MWR T-ft ffl 

B IIS6B1 1-6-6-7 02 Tol^o (JP). 

(21) PCT/JP03/02861 ^^^^ ^^^^ (NISHIZAWA,Toshlo): =r 150^2 

^ „ „ smts 3S#E ^fflJiiHr3 7-i 0 (scif^uepg 

(22) BBUB H : 2003 ^3 1 1 B (1 1.03.2003) j^kyo (JP). 

(25) Bii«EmBa>«e: e*B (si) »sgBi(Si*!;: jp,us. 

(26) HRSaBHWbbS. p^bB CZ.DE,DK,EE,ES.FI.FR,GB.GR,HU,IE.IT,LU.MC, 

_ - NL. PT, RO. SE, SI, SK; TR). 
(30) fijfe«X-5': 

1#Ii2002-65662 2002 #3 ^11 B (11.03.2002) JP ^^^gfllJII: 

— Bieais«B«« 

(71) taiSA » < ^■C©ffi^B(3-3L>r;: ^^fttS 

Sa^SIH (JAPAN SCIENCE AND TECHNOLOGY 2 SC^^ — K&tXte<OBSSIC•^l^r I*, ^XS^tf $4x-6 

CORPORATION) [JP/JP]; T332-0012 KtSIl Jll PilT ^PCT^if K<D«IilcSa**tr Ta— KtBSB 

*Ir4TB 1 »8-i^Saitama(JP). ©if-f — hj *#IHo 



(54) Title: ARENE-RUTHENIUM COMPLEXES IMMOBILIZED ON POLYMERS, CATALYSTS CONSISTING OF THE 
^ COMPLEXES. AND PROCESSES FOR ORGANIC SYNTHESES WITH THE SAME 

(S4)S6Ka>««!: !a»^-H^(bTL/>VUT--'t7A«{*:i:-t«>«iaafetXlcCti«fflU>fc:*«^^S(B^Jt 

^ w (57) Abstract: Novel arcnc-ruthenium complexes immobilized on polymers as represented by the following 

✓ formula: [wherein A is an organic polymer whose aromatic rings on the side chains coordinate to Ru; Xi and 

^ / Xj are each independently halogeno; and R is an optionally substituted hydrocarbon group], which can be 

A-Ru-PR prepared by a simple process and are stable, easy of recoveiy, and ^plicable to various organic syntheses by 
^-5 ^ virtue oftheir high catalytic activities; catalysU consisting ofthe complexes; and novel processes for organic 

syntheses including ring-opening metatheses of olefins and reduction of carbonyl by the use of the catalysts. 



wo 03/076478 Al 



(57) Hi^: 

A-Ru-PRa 

R « ® ift S W L T V i T -fe «k V i ^ { k tK ^ ^ ^ t" ) 



wo 03/076478 



PCT/JP03/02861 



m m m 

nm^m - 

\zm^ift^rcib<D:&m\'^mmmfsi%<Dthxm±^tix^iE>^. ^rz. 

IS 5) tiT V5 s t -5 ;»c # $ n :^ -e , 

^cx. :i(Dmm(D^wt&,±(Dt:^y)<D^^(DmMj^^m:^m\zm 
mv. m^f3i:^mxmm-r^ c t^^x^. ^^xt-^-om^^^mx;^ o . 
V7!)^hi^\^^mmmm^mmvx. ^m<omm'^mRm^(Dmm'h-ssmiL 



1 



wo 03/076478 



PCT/JP03/02861 



/X, 
AH=lu-PR3 

R S: =t b T r J; ^^bTK ^ ^ * ^i") 

-euT. c(Dmm(Dmm\^. listed. ±iBmi :^v^bm4ovi-rn 

B-Ru-PRa 

iiBte^2!^SlHl&$1^^ iS:<(#mi-rSii5^^@5t^T ^'>-^^5^~ 



wo 03/076478 



PCT/JP03/02861 



\z\t. MPFe iu\^-'m<D:fy^:t>^mir) tm^^^tixmn-^tix 
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jc<fcoT, iR3^8 1 %. smm<Dnmmmm\zj^'z>x. jr^s s 
^mit^xmnftR}B^mxmm;f'^^i^:^R}^^nmnmtvx\,^^, 

. Ru catalyst (20 mol %) 



hexane-toiuene(10:1) V~/ 

refiiiY 19 h 



reflux, 12 h 

^;ix&,-f\zmmm^^v. ^^\zmi^< z.(Dmmco%m\z-o^^xm 
m-r^o h^^/v&,T<Dmizj;:^x^mi)mM-^n^z.ii\^f3i\f^o 

m m n 

<mmm i > 
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2a or 2b 




cyclohexane 1 20 *»C, 24 h 
65«C. 1h 66''C, 1h 

• thenO-C D\ 




V' 



3a : R = Ph 

3b:R = Cy Cf PRj 

(3 b) S^BUfCo 

O Synthesis of CRu (77^-C6H5C02Et) (Tj^-PPhg) 
C 1 (2a) jV^^-i^A—M^*: (l):CRu (Tj^-CeHgCOz 
Et) CI 2^ 2 (0. 394g, 0. 6 Immo 1) Oi^i; X1U^^> 
^^(14. 5 m 1 ) b U :7x:n;i/7}N7.:7^ > (0 . 32 Ig. 1. 
2 2mmol) &jto;l> 3 0 ^^-f^^f^bfeo 

(2 a) *^MWJc:#fe (0 . 7 1 5 g, 1 . 2 2mmo 1 )o 
d <Z) © l^^^«f Mti;^® i ^ D T ^ ^ o 

^ 1 _^ 

[Ru(776.C6H5C02Et)(77l-PPh3)Cl2] (2a) 
NMR 5 = 1.41 (t. 3H, J = 7.1 Hz), 4.43 (q. 2H, 7 = 7.1 Hz). 5.08 (t, 2H, J = 5.9 Hz), 
5.28-5.33 (m. IH), 6.44 (d, 2H, / = 6.1 Hz). 7.35-7.50 (m. 9H), 7.70-7.90 (m, 6H); l^c 
NMR 6 = 14.5. 62.6, 85.09, 85.11, 88.6, 95.31, 95.33, 128.1. 128.2, 130.59, 130.62, 
132.5, 133.0. 134.1. 134.2. 163.8; 31p NMR 6 = 25.8. 



0) Synthesis of (Ru (77®-C6H5C02Et) (77^-PCy3) 
C 1 2) (2 b) h 'J ;1/3JnX:7^ >Jc:f^^T h U ->i^ D^x^v-;!/ 

T^Tsy ^ >^m\^^^Z.ii^. ±|Ba)<J;l^^fcIbT;i/-r-^7A^#: (2 b) 

(D 'm^=^m^^rv>)V'f:=^'^j^mw Oa) <o^^ 

7.^v> . oog)^'>i7D ^4^1^- > (100ml) jcesr 
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(Df^m-vmMVTc. :i<Dmm\Z. Ji|B®;V5^ — '^AII^: (2 a) (0. 

2 0 g)5£^jDb,*-ri 2 Ot:©mm*r 2 4^^m#b,?^CViT?6 5t: 

(2 a) J^^)V^>'Jx.-hifimt>tirco 

( 1 0 om 1 ) smiab, ^taic i 2 ^rpiav^j^o T-fe 

1/>;V5^-'5'A^#: : P S -R u C 1 2 (PPhg) (3a) 9 

^Stlfeo^fe, Jl(D^#:®ll^«,^^P SR-MASNHR5 = 25. 
7 (JLPh^) t;iJ:oTffofc. 
® li5^J'^®^fl2TW'>;V'7^-'>A^#: (3b) 

(2 b) ^fflViT. ±m(i)^mm\zvxM^^mMit7u>jVT- 

J^i^i^ : P S-RnC 1 2 (PCys) (3b) 

3 ^ P S R-MASNMR 5 = 2 8 . 5 (JLCys) 'TffcS. 
<^ig^2> 

mm:^^'tzy7.R}^ (RCM) 



A OH 



PCv^NaPFe, = — f-Ph 

filteration 

3a ^ 5a 

solvent, reflux, 1 h 

isj® 5a (20 mol %) I® - 



hexane, reflux. 12 h \ / 



tC«eoT. N, N->?7U;i/- p - h;VX>;^;i/3f:>T^ H (6) €)| 
^ -fe v'X KiiS <&fT o fe. 
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±IBCDliS^^@^^t;Tl/>;i'5^-'r>A^^!jc iPS-RuClg (PP 
hg) (3a) (0. 05 8mmo 689mg, 0. 0 4mmo 

1 ) t. h U z^^U^^^z^JV-^Xy ^ >:PCy3(ll. 2mg.O. 
04mmol), 1, 1 - 2 - ^ n tf y — ;i/ ( 4 ) ( 8 . 3 

mg. 0. 04mmol) ^fecfctJ^NaPFs (6. 7mg, 0. 04m 

mo 1 ) ^-r v:/n/iy— ;^-^4^•t^> ( i i o , i om i ) oai-^ 

N. N-i?TU;V- p - b;i/X>x;V3^>T^ H (6) (5 0. 3m 
g> 0. 2 Ommo 1 ) (D^^'^y- h;^X> (10:1. 10ml) 
ii^JlKt, ±fR(X>\z^^m^it}Vy'::^^Amm (5 a) t^^MtrJB^ 
^^Vi-e. il^^^Tlci 2NFrBl^^b:rco 

N-tosyl-2. 5 -e^t Hn tf n-;i/ (3 3 . 5mg, 7 5 %iR^) 

© %) CD <D ^ 0 Ta& o fee 
^ 2 

iV-Tosyl.2,5-dihydropyrrole. iR NMR 5 = 2.43 (s, 3H). 4.11 (s, 4H), 5.65 (s. 
2H). 7.32 (d, 2H, 7 = 8.2 Hz), 7.72 (d, 2H, J = 8.2 Hz); 13c NMR 5 = 21.4, 54.8, 125.4, 
127.3, 129.7, 134.1, 143.4. 



UliR^nfeMJi ( 0 . 0 4mmo 1 ) P C y 3 (11- 2 
mg, 0. 04mmol) :^^XSl, 1 - >?:7 xx;V- 2 - ^ n tf / — 
;i/(4)(8. 3mg, 0. 0 4mmo 1 ) -f V /I y — ;V- 
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^D-y (1:10, 10ml) lc::feViT^l-&U, 1 l^f^. MiitTic^ 
WVTco ^Vi-TfN aPFe (6. 7mg, 0. 0 4inmo 1 ) ?&^jDb, 

W^SnfefilttfliMJS^ (5a) 

:L<D^o\zn^-^nrcmmi\:imm (sa) ^mmt^^iiiz^'DX. 

±m<Dmm:^^±i^7.Rf^'C<Di(^m\t. 2IeIBcD^MI^T8 l 3|sl 

<mmm3> 

mmm2\z^^^x. m^<tJV9-:^^2^mm (sa) icf^^r, 1^5^^ 
mMitJVrzi^A^i^ (3 b) ^m\^^xmm\zmm\^rcm^it)Vy'=.^ 
Amm^ (5b) ^fflViTiBSi;'^^"fe'>;^siiSSff 0/^0 

N-tosyl- 2, 5 ->?t Hn t!n--;i/®iR^«4 9 ^TSofe. 

<mmm4> 

mmm2\z:^^>X. mmt)V^:=^^Amm (5 a) \Zi^XX. NaP 
N- tosyl- 2, 5 - s^t: F n If n— ;KDJR^« 4 0 %T&ofeo 

jinss^ufe2 meoDRis-r^, iR^«7 2 ^-rsofeo series 
<IIM0y 5 > 

iasi^^-fe'>;^s^s (RCM) 

IIJS0II2 t|^#}cbX,«ttfls;V5^-'^Attlt(5 a)$2 Omo 1 % 

(^fiJ-^-r^ffl ^4^lJ->- h;VX>. (10:1) ^^g4«}C:fcViT. M 
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S 3. 

enrty substrate product yield (%) 

?Q2Me (^^^^ 
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^ ^ O IWI ^ jfi It O t :fe D ^ S o 
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^ 4 

Methyl (DL)-iV-Tosyl-4^-didehydropipecolate. I H NMR 5 = 2.42 (s, 3H), 
2.52-2.57 (m. 2H), 3.49 (s, 3H). 3.78-3.90 (s. IH), 4.02-4.16 (m, IH), 4.87 (t, IH, / = 
4.3 Hz), 5.58-5.70 (m, 2H), 7.29 (d, 2H, J = 8.3 Hz), 7.68 (d, 2H, 7 = 8.3 Hz); i^c NMR 
5 = 21.4,27.7,42.0, 52.0,52.5, 122.2, 123.3, 127.1, 129.4, 136.1. 143.3, 170.8. 

Ar-Tosyl-l^,3,6-tetrahydropyridine. iH NMR 8 = 2.18-2.24 (m, 2H), 2.43 (s, 
3H), 3.17 (t, 2H. 7 = 5.7 Hz), 3.57 (t. 2H, /= 2.6 Hz), 5.57-5.66 (m, IH), 5.71-5.80 (m, 
IH), 7.32 (d,- 2H, J = 8.1 Hz), 7.67 (d, 2H, 7 = 8.1 Hz); I3c NMR 8 = 21.5, 25.2. 42.6, 
44.7, 122.7, 125.0, 127.6, 130.0, 133.2, 143.4. 

Diethyl 3-cyclopeiitene-l,l-dicarboxylate. ^H NMR 8 = 1.16 (t, 6H, 7 = 7.1 
Hz). 3.01 (s, 4H). 4.20 (q, 4H, 7 = 7.1 Hz). 5.61 (s, 2H); 13C NMR 5 = 14.0. 40.8, 
58.8, 61.5, 127.8, 172.2. 

2- Phenyl-2i^-dihydrofiiraii. ^H NMR 8 = 4.77 (dddd, IH, 7 = 1.7, 2.4, 4.1, 12.9 

Hz), 4.88 (ddt, IH, 7= 2.0, 6.1, 12.9 Hz), 5.77-5.82 (m, IH), 5.87-5.92 (m, IH). 6.02- 
6.06 (m, IH). 7.65-7.38 (m, 5H); 13C NMR 8 = 75.8. 87.9, 126.4, 126.6, 127.8, 128.5, 
129.9. 142.0. 

3- Methyl-iV-tosyM,5-dihydropyrrol-2-one. ^H NMR 8 = 1.79-1.84 (m, 3H), 
2.43 (s, 3H), 4.33-4.38 (m, 2H). 6.85-6.90 (m, IH), 7.33 (d, 2H, 7= 8.3 Hz). 7.96 (d. 
2H, 7= 8.3 Hz); l^C NMR 5 = 10.8, 21.6, 50.1, 127.9, 129.7. 134.9, 135.3, 139.2, 
145.0, 169.2. 
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<mmm 7 > 





3 a (20 mol %), PPha (20 mol %) 




87% yield 



:PS-RuCl2 (PPhg) (3a) (44. 3mg, 0. 17m 
mol) K2CO3 (58. Img, 0. 4 2mmo 1 ) :feJ;tJCh U 
y3L=i)V^7.y>(> (44. 3mg, 0. 1 7 mm o 1 ) T^feh^ 
3iy>(101. 4m 0. 8 4mmo 1 ) <D^ V^un^—)V ( 8 . 

4ml) ^MJC^MTf^Snig^U, :!F.\^X\2m^. m.m^W'T\z^w 
9. 3mg, 8 7%iR^) 



1-PhenylethanoL iR NMR 6 = 1.46 (d, 3H, / = 6.4 Hz). 2.20 (s, lU), 4.84 (q. IH, 
/ = 6.4 Hz), 7.20-7.37 (m, 5H); >3C NMR 5 = 25.1, 70.3, 125.3. 127.4. 128.4, 145.8. 



M 5 
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<mmm s > 




hexane-toluene (10:1). reflux, 20 h 



3 a (20 mol %). PPha (20 mol %) 
NH4PF6 (20 mol %) 




68 % yield 



: P S -R u C 1 2 (PPhs) (3a) (0. 0 5 8inmol/g, 
6 8 9mg. 0 . 0 4mmo 1 ) hU :7 x — ;V3JnX :7 ^ > ( 1 0 . 
5mg. 0. 0 4inmo 1 ) :feckafNH4PF6 (6. 5mg. 0. 04 
mmol) iit^lz. 2 -X5^:r.;i'- 1 - i2-yV)V) s^^n^^^-fe 
>(7)(34. 3mg, 0. 2 0 mm o 1 ) (D^^'^>- h)UJL> ( 1 

0 : 1,10ml) mm^zmm-vm^v. 2 oi^m. nm^^T\zmw 
z^^):^^}v^ u-r hmnv^o Jintcj;oT> e. 7, s. Q-y^h^ 

ni^ui-yh Ci. 2-6] yy> (23. 4mg, 6S%^m) 



6,7,8,9-Tetrahydronaphtho[l^-^]furan. NMR 5 = 1.76-1.79 (m, 4H). 2.87 
(t. 2H. J = 5.6 Hz). 2.98 (t. 2H, / = 5.6 Hz). 6.70 (d, IH, J = 2.0 Hz), 6.97 (d. IH, J = 
7.9 Hz), 7.32 (d, IH. J= 7.9 Hz). 7.56 (d, IH,/ = 2.0 Hz). ^^C NMR 6 = 22.4, 22.7. 
23.3, 106.6, 117.8, 121.1, 124.1, 133.3, 144.0, 153.7. 



g 6 



14 



wo 03/076478 



PCT/JP03/02861 



15 



VfO 03/076478 



PCT/JP03/02861 



1 . 

/X, 
A-RuHPRa 

B-RU-PR3 

t iB^^^ISIM iiS ^ i: #m i T S ^J!)-^ H r 1/ > ;V 7" - 
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8. MPFa (M«— 'fii5©:^^.:t>*^-r) tM"^-^ tlXM^-^ tlX 

9. 7)v^zi)]^r)v:2-)Vit^mtU'^-^tixmn'^nx\^^^:it^ 

^ o 
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